Several recent studies have claimed to present experimental evidence from synthesised plant communities in which diversity was varied as a treatment that diversity reduces community invasibility by other plant species. This type of result contrasts from that of many observational studies which find diversity and invasibility to be positively correlated in nature, but some recent literature has claimed that these observational studies are confounded by extrinsic covarying factors while experimental studies are not. In this article I evaluate each of eight experiments from six recent publications in which the effect of varying plant diversity on the success of invasive species was investigated. In each case that invasibility was identified by the authors as being adversely affected by plant species richness, the result can be explained by factors that covaried with diversity in the experiment, most notably as a consequence of ''sampling effect'' (in which the most competitive species or species combination in the total species pool has a greater probability of occurring as species richness is increased), or through the incorrect use of statistical techniques. It is proposed that the apparent discrepancy between the results of many observational and experimental studies at least in grasslands is because: (1) in observational studies competitive dominant species are often associated with the most productive plots, and these dominants both reduce diversity through competitive exclusion of subordinates and competitively suppress invasive species; and (2) in recent experimental studies ''sampling effect'' results in the most competitive species (and therefore those most likely to suppress the invader) occurring with greater frequency as diversity is increased. Both observational and experimental studies therefore point to the role of competitive dominants in reducing invasibility, and in both situations species richness of the plant community need not be invoked as an explanation for the results.
The globalisation of the Earth's biota and invasions of organisms into new ecosystems as a consequence of human activity are increasingly recognised as major components of global change (Mooney and Drake 1986 , Vitousek et al. 1997 , Sala et al. 2000 . A key component of this involves understanding those factors which predispose natural ecological communities to susceptibility of invasion by alien species, and factors that have been shown to influence the invasibility of communities include vegetation composition (Van der Putten et al. 2000) , herbivory (Olff and Ritchie 1998) , disturbance regime (Burke and Grime 1996) and the amounts of unused resources present (Huston 1994 , Davies et al. 2000 . However, the species richness of biological communities has also frequently been invoked as having a role in influencing their susceptibility to invasion (Elton 1958 , MacArthur 1970 , 1972 , reviewed by Levine and D'Antonio 1999) . This subject has attracted considerable recent attention, no doubt because of the increasing topicality over the past few years of issues relating to how biodiversity influences community and ecosystem properties.
A feature of the recent literature is that observational studies (i.e., those based on observed patterns in nonmanipulated communities over space or time) find either positive or neutral relationships between diversity and invasibility (e.g., Robinson et al. 1995 , Wiser et al. 1998 , Stohlgren et al. 1999 , Levine 2000 while many experimental studies based on herbaceous plant communities (i.e., those in which species richness is experimentally manipulated) frequently find negative relationships (Knops et al. 1999 , Levine 2000 , Naeem et al. 2000 , Prieur-Richard et al. 2000 . Knops et al. (1999) , Naeem et al. (2000) and Prieur-Richard et al. (2000) all claim that their results provide evidence that species richness reduces community invasibility and that the discrepancy between the results of experimental and observational studies is because the latter are confounded by factors which covary with both diversity and invasibility. Indeed, Naeem et al. (2000) use their experimental results to dismiss those of observational studies and claim that ''under these (experimental) conditions, unlike observational studies, no covarying intrinsic factors could interfere with interpreting results''.
In this article I will evaluate the interpretations of eight experiments from six recently published studies in which the effects of experimentally manipulated plant species or functional group richness on community invasibility have been investigated using synthesised communities. I will show that the results of all experimental studies to date claiming to demonstrate that diversity reduces invasibility can be explained either through experimental designs in which covarying factors (e.g., sampling effect) interfere with interpretation of the results, or through the incorrect interpretation of results. I will then propose an alternative explanation for the apparent discrepancy between the results of those observational and experimental studies which have addressed this issue.
Mechanisms which may operate in experiments
There are potentially two types of explanations for the occurrence of negative relationships between plant species richness and invasibility in those experiments in which species richness is manipulated as a treatment (Fig. 1) . The first of these is a true biological mechanism, i.e. resource use complementarity (Fig. 1a ) (see Trenbath 1974) . This has been proposed as the mechanism responsible for generating the results obtained by Knops et al. (1999) and Naeem et al. (2000) . Here, increasing species richness increases the utilisation of resources, resulting in fewer resources being available for invading species and thus reducing invasibility. This mechanism depends upon the assumption that increased species richness promotes greater resource use through encouraging more productive communities. While some experimental studies have claimed to present evidence that increasing plant species richness enhances productivity through resource use complementarity (e.g., Naeem et al. 1994 , Tilman et al. 1996 , Hector et al. 1999 ) the interpretation of these studies has been intensely debated (e.g., Aarssen 1997 , Huston 1997 , Hodgson et al. 1998 , Lawton et al. 1998 , Wardle 1999 , Hector et al. 2000 , Huston et al. 2000 . No study to date has presented undisputed evidence that increasing species richness significantly promotes productivity through resource use complementarity beyond very low levels of species richness (i.e., two or three species).
The second explanation involves ''sampling effect'' (Aarssen 1997 , Huston 1997 or ''selection probability effect'' (Fig. 1b) , and is based on the premise that as more species are randomly drawn from a pool of species, there is an increased probability of including species which have a key role in driving the response variable being measured. In this light, Huston (1997) showed that the results of the diversity manipulation experiments reported by Naeem et al. (1994) and Tilman et al. (1996) could be explained entirely in terms of an increased likelihood of including the most productive species in a given experimental unit when more species were included. Although it has been proposed that sampling effect is a valid mechanism by which diversity effects may express themselves (Tilman 1997) , it has been also identified as artifactual (Aarssen 1997 , Huston 1997 , Wardle 1999 on the basis that this mechanism relies on the biologically unrealistic assumption that plant communities are random assemblages of species with regard to the trait being investigated (Wardle 1999 ). Indeed, a sampling effect (or ''random effects'') model may be the most appropriate null model for determining whether true diversity effects (i.e., those expressed through resource use complementarity) can explain diversity-function relationships over and above what would occur for a random assemblage of species (see Emmerson and Raffaelli 2000, Loreau 2000) .
With regard to the effects of plant diversity on invasibility, a sampling effect model would simply involve the greater probability of including the most competitive species in the experimentally assembled community as species richness is increased. The most competitive species in the species pool would by definition be those which are most likely to dominate in the community given sufficient time under stable conditions, and these would also be the species that are most likely to competitively exclude or suppress invasive or alien plant species. Note that this mechanism need not involve the effects of a single competitive species; unless all the species in the species pool have equal competitive ability, sampling effect will play at least a partial Fig. 1 . Alternative explanations for how increasing richness of plant species may reduce invasibility of plant communities. Flow diagrams take the form of those presented by Fukami et al. (2001). role in the results of any experiment in which species richness is included as the experimental treatment. Detecting the presence of effects of resource use complementarity in reducing invasibility over and above sampling effect is only possible through experimental designs in which the treatments include replicated monocultures of all of the species present in the total species pool.
Evaluation of experimental evidence
The eight experiments that I will discuss are listed in Table 1 . Each experiment will now be interpreted in terms of whether any observed effects of plant diversity on invasibility are due to real biological mechanisms such as resource use complementarity among the resident species, or whether the results can be explained entirely in terms of sampling effect and other factors that may have covaried with diversity.
(1) Naeem et al. (2000) field experiment This experiment investigated the success of naturally recruited seedlings of an annual forb, Crepis tectorum, in field plots across which plant species richness was varied as an experimental treatment, at Cedar Creek, Minnesota, USA. They reported that invader success was strongly negatively related to plant species richness at the scale of the neighbourhood, which was in turn strongly correlated with the sown species richness of the plots. The plots used here are the same as those which were used by Tilman et al. (1996) to claim that plant species richness enhances productivity; those results have been criticised by Aarssen (1997) and Huston (1997) on the basis that the experimental design used could have caused a diversity-productivity relationship entirely through sampling effect. Nevertheless, Naeem et al. (2000) concluded on the basis of regression analyses between the biomass of each sown species and the biomass of C. tectorum that ''no single species or functional group accounts for the pattern observed'' and (in the abstract) ''this diversity effect (i.e., the negative effect of diversity on invader biomass) was not due to sampling effect''.
These claims are, however, disputable, and I present two reasons for this. The first involves the fact that many of the plant species used appear in few plots at the low diversity end of the spectrum. Tabulation of experimental details of this experiment presented on http://www.lter.umn.edu/research/core1.html suggests that the problems caused by sampling effect are likely to be more severe than initially identified by Aarssen (1997) and Huston (1997) . In particular, this tabulation demonstrates that eleven (46%) of the 24 species in the total species pool do not appear in a single monoculture plot (Fig. 2) . Over half of the species appear in one or fewer of the 20 two species plots. A third of the species appear in either zero or one plot when all the one and two species plots are considered. In contrast, all 24 species appear in all the 24 species plots. Species which do not occur in any monoculture plots include two of the three largest growing species out of the 24 [based on plant size data for these species presented by Huston (1997)] (the third appears in a single monoculture plot), and the yellow flowered Rudbeckia hirta which dominates all the heavily vegetated plots in a photograph of the site (see Kareiva 1996 , Huston 1997 . The possibility therefore remains that the results are explicable largely or entirely in terms of the effects of competitive and potentially dominant species (and therefore those most likely to competitively suppress C. tectorum) which occur in all the 24 species plots and none of the monoculture plots.
The second problem involves the incorrect use and interpretation of regression analyses in Table 1 of Naeem et al. (2000) . These authors claim that sampling effect does not explain their results because the regressions that they perform show that C. tectorum biomass was significantly related to the cover of 10 of the resident species at the plot scale (and 11 of the species at the smaller neighbourhood scale), while the cover values of these resident species were not correlated with one another. It is not possible to determine which plots were used for these analyses, since the experiment consists of 147 plots and the value of ''N'' used for their regressions (their Table 1 ) is 70. However, no species was present in more than 61 plots and so for each species plots from which any given species was absent (and where its cover value would therefore have been zero) must therefore have been included in the analysis. A significant relationship determined by regression between the cover of any given species and the success of C. tectorum can therefore be explained by (a) the cover of that sown species being positively correlated with plot diversity simply because at the low end of the diversity scale most values for that species would appear as zeroes whereas at the high end of the diversity scale most values would appear as non-zeroes, combined with (b) the reduced success of C. tectorum with increasing diversity as the result of sampling effect (see previous paragraph). This means that no causative relationship between C. tectorum size and cover of sown species is needed to explain any given significant regression. Further, the lack of significant relationships between the cover of different sown species can be explained entirely in terms of different plant species being present in different plots especially when those plots at the low end of the diversity gradient are considered.
While the authors are correct in concluding that an increased competitive environment was responsible for reducing the success of C. tectorum in the highest diversity plots, the experimental design used makes any Tilman et al. (1996) , used by Knops et al. (1999) and Naeem et al. (2000) to investigate the effects of plant species richness on invasibility.
between the two species and three species treatments is explicable by the fact that 20% of two species pots would be expected to consist of two of the three neighbourhood plants being A. canadensis while none of the three species pots would consist of more than one plant of this species. Therefore, the results of this experiment can be explained entirely in terms of effects of a single species in the entire species pool. Here, sampling effect is operating through increasing species richness reducing the potential for dominance by an uncompetitive species and therefore a species that allows the invader to reach an immensely larger size than would otherwise be possible.
(3) Knops et al. (1999) study This study is based on the same plots as those used in the Naeem et al. (2000) field experiment. Here, increasing species richness of sown species in the plots was claimed to reduce the biomass per unit area and species richness of non-sown species weeded from the plots, as well as the biomass per individual of the invaders Digitaria ischaemum and C. tectorum. However, as described above for the Naeem et al. (2000) study any results obtained through this experiment can be explained solely through sampling effect, an issue not considered in their study. Further, their results also highlight another problem. Plots were weeded five times during the first of the two growing seasons that they considered (i.e., 1996) and four times during the following growing season (i.e., 1997), meaning that consecuattempt to separate the effects of resource use complementarity from those of sampling effect on invasibility impossible.
(2) Naeem et al. (2000) glasshouse experiment This experiment was intended to complement the field experiment of Naeem et al. (2000) . Here, pots were prepared in which individual plants of C. tectorum (the invader) were planted within a neighbourhood of three plants; these three plants were chosen from a pool of five species (listed in the legend of Fig. 3 ). The treatments consisted of the three neighbourhood plants in a pot consisting of one species (with all five neighbourhood species being represented in replicated one neighbourhood species pots), two species or three species; the species used for the latter two treatments were drawn at random from the pool of five species. They found that C. tectorum biomass production was negatively related to neighbourhood species richness (Fig. 3a) and concluded that species richness therefore adversely affected the success of the invader. They also concluded that ''species in monoculture had relatively similar impacts on C. tectorum performance''. However, the performance of C. tectorum across the five monocultures (see Fig. 3b ) actually varied by a factor of over 200, and C. tectorum biomass in the Astragalus canadensis monocultures was over eight times greater than that in any of the other four monocultures. This would suggest that, contrary to the authors' interpretations, the observed effect of diversity on C. tectorum success is probably explicable in terms of a sampling effect driven by the anomalously low competitive ability of A. canadensis. Indeed, when the results for A. canadensis monocultures are removed from the data set, C. tectorum biomass in the one species treatment is no greater than that in the two species treatment (Fig. 3c) . Similarly, the difference tive weedings were at on average probably at least a month apart, giving sufficient time for weeds to reach a significant size at the time of weeding in otherwise poorly vegetated plots. Therefore, it is possible that disturbances created by weeding may have contributed to the results. Firstly, based on Fig. 1c of Knops et al. (1999) , over 45 g/m 2 of weeds was removed on average per annum from the one species plots (and based on the depicted error bars there were presumably one species plots from which over 100 g/m 2 per annum of weed biomass was removed), and fewer than 10 g/m 2 was removed per annum from the 24 species plots. If, as this suggests, about 10 g/m 2 of weeds was removed on average per weeding event in the one species plots and around 1 g/m 2 from the 24 species plots, then the lower diversity plots would be subjected to a greater disturbance regime. This disturbance would have the dual effect of (1) reducing the growth of sown species especially if their roots were intertwined with those of the weeds that were pulled out, which would reduce the competitiveness of the sown species against invaders, and (2) providing the perturbation in the soil required to stimulate weed seed germination and movement to the soil surface of weed seeds present in the soil seedbank, which would increase the densities of weeds present at the time of the following weeding. While sampling effect alone can explain the greater competitive ability of the resident plant community and hence reduced weed (invader) levels under higher diversity, increased disturbances through weeding in the low diversity plots relative to those in the high diversity plots may serve to magnify the observed effects of diversity on invasibility.
(4) Le6ine (2000) study This experiment involved plant communities that develop on tussocks which serve as discrete habitats in a riparian system in northern California, USA. Sixty-five tussocks were selected and the resident vegetation removed; these tussocks were then randomly assigned to each of five species richness treatments (1, 3, 5, 7 and 9 species) with species selected at random from a pool of nine native species. Once these communities were established these were then sown with seeds of three non-native invaders, i.e., Agrostis stolonifera, Plantago major and Cirsium ar6ense. The establishment of two of these invaders and sizes of individuals of all three invaders were negatively related to sown species richness. It was concluded that the results ''were unlikely the effect of a single key resident species'' because ''for the seven tussocks in the nine species treatment, four different species were the most abundant resident and their relative cover was never more than 30%''. However, the relative competitive abilities of the nine species used are unable to be assessed using this design, and in the absence of replicated monoculture treatments the possibility of sampling effect cannot be discounted. While I agree that it is unlikely that sampling effect operating through a single species drove the results, sampling effect based on more than one species and differences in the relative competitive abilities across all the species in the species pool remains a distinct possibility. It is therefore not possible to separate the influence of multiple-species sampling effects from those of resource use complementarity in explaining the response of invaders to resident species richness. The author also found that in a survey of tussocks in this system the natural abundance of the three invaders on the tussocks was positively related to the species richness of the native vegetation on the tussocks. This demonstrates the important point that any negative effect that native species richness might have had on invader success in the manipulation experiment is unlikely to be a significant driver in influencing invader success in natural unmanipulated communities. This issue will be explored further in the Discussion.
(5) Crawley et al. (1999) study This field experiment involves field plots at Silwood Park, UK, in which replicated plots were set up of each of four grass species sown in monoculture, and the six possible two-way combinations and the four-way combination of these species. A fourth diversity level, involving plots sown with 80 herb species, cannot be used to address questions about how diversity affects invasibility and will not be considered further. The biomass and species composition (including richness) of nonsown (invader) species was quantified in these plots six years after their final weeding. There is no evidence that the success of invaders was significantly less in those plots sown with two or four species than what would be expected based on invader success in plots sown with the component species in monoculture. Although the invaders on average produced less total biomass on average in the two and four species mixtures than in the monocultures, this result is (as correctly pointed out by the authors) explicable in terms of a sampling effect in which the one species that emerged as the competitive dominant whenever present in mixture (i.e., Alopecurus pratensis) presumably reduced invader biomass much more effectively than did the other three species. Note that there are close parallels with this experiment and the glasshouse experiment of Naeem et al. (2000) described above, in that an apparent effect of diversity on reducing invasibility can be explained entirely through sampling effect operating through a single species in the entire species pool.
(6) Prieur-Richard et al. (2000) species richness experiment This field experiment involved synthetic communities set up in a grassland near Montpellier, France. It included replicated plots sown with three, six, and 18 species; all species in each plot were drawn at random from a species pool of six grasses, six legumes and six members of the Asteraceae, with the constraint that equal numbers of species of each functional group appeared in each plot. No monocultures were used and no attempt was made to account for sampling effect. Biomass production of seedlings of two invader plant species (Conzya canadensis and Conzya bonariensis) was negatively related to sown species richness but there were no consistent relationship between sown species richness and invader fecundity, seedling establishment, or survival. (A corresponding glasshouse experiment using the same species richness treatments as for the field experiment found germination of both invaders and biomass of C. bonariensis to be negatively related to species richness.) However, it is impossible with the design used to separate the influence of sampling effect from that of resource use complementarity of the sown species, and the possibility remains that all diversity effects were driven by sampling effect operating through a single species. Although the authors state that ''purpose designed experiments such as the one presented here represent a significant progress from simple correlative analyses of natural invasibility with resident species richness'' and that ''they make it possible to … . approach the underlying mechanisms'', these claims are unable to be supported.
(7) Prieur-Richard et al. (2000) functional group richness experiment This field experiment was set up in combination with their species richness experiment and includes some of the same plots. Here, the study consisted of replicated plots of one functional group (three grass plots, three legume plots, three Asteraceae plots; each plot contains six species), two functional groups (three plots with three grasses and three Asteraceae species; three plots with three grasses and three legumes), and three functional groups (each plot with two grasses, two legumes and two Asteraceae species); all species were drawn at random. There was no evidence that functional group richness influenced the success of the two invasive species subsequently planted in these plots (i.e., C. canadensis and C. bonariensis), although a corresponding glasshouse experiment with the same diversity treatments found that germination percentage of both invaders was related to functional group richness. In this experiment, each species has an equal probability of being included in a given experimental unit in the one functional group and three functional group treatments (i.e., P=0.33), reducing the likelihood of sampling effect. If functional groups are more different to each other than are species within functional groups, then functional group richness would be expected to reduce invader success to a greater degree than would species richness. This means we would expect higher resource use complementarity among functional groups than among species and therefore the provision of a more competitive neighbourhood against invaders. The fact that Prieur-Richard et al. (2000) found species richness, but not functional group richness, to be important in reducing invader biomass in their field plots, is therefore likely to due to the overriding effect of sampling effect in the species richness but not the functional group richness experiment.
(8) Symstad (2000) study This study, conducted in a prairie in Minnesota, USA, involved a removal experiment. Here, removals of plants were performed in natural vegetation to generate replicated plots of all the possible one, two, and three way combinations of three plant functional groups, i.e., forbs, C 3 graminoids and C 4 graminoids. Seeds of 16 ''invader'' species were subsequently sown in these plots and the abundance, cover and community composition of the invaders measured 14 months later. For each of the two and three functional group treatments, the numbers of invader individuals and invader cover were less than that observed for the component functional groups in monoculture, suggesting a role for functional group richness in reducing invasibility through resource use complementarity. However, the author cautions that some of these effects may in part be explicable in terms of greater disturbance associated with the removals with decreasing functional group richness, and concludes that because of this ''only a maybe can be recorded in the vote for whether functional group richness enhances invasion resistance''.
Discussion
All six experiments I have discussed which have investigated the effects of plant species richness on invasibility show decreasing success of invaders with increasing species richness, and all but one (Crawley et al. 1999) have been used by the authors as evidence that species richness per se negatively affects invaders. However, four of these experiments [Knops et al. 1999 , Levine 2000 , Naeem et al. 2000 (field experiment), PrieurRichard et al. 2000] do not include replicated monoculture plots of all the species in the species pool, and so it is not possible to determine whether or not the results of these studies are explicable entirely in terms of sampling effect. Indeed, in the studies of Knops et al. (1999) and Naeem et al. (2000) (field experiment) 46% of the species used do not feature in a single monoculture plot, and in the study of Prieur-Richard et al. (2000) none of the species appear in monoculture. The remaining two experiments [Crawley et al. 1999 , Naeem et al. 2000 ] include replicated monocultures of all the species used, and in both cases the data provide evidence that the apparent decline of invader success with increasing sown species richness is due to a sampling effect that operates through a single species in the total species pool. Note that this interpretation of the results of the glasshouse experiment of Naeem et al. (2000) contradicts that of the authors.
There are theoretical reasons as to why increasing species richness may increase resistance to invasion (Elton 1958 , MacArthur 1970 , 1972 , Levine and D'Antonio 1999 . These involve increasing use of resources with increasing species richness, resulting in fewer resources being available for invaders. Although the issue of whether plant species richness affects productivity beyond very low levels of species richness has been intensely debated and remains unresolved, there is clear evidence from experiments in which plants are grown in mixture and monoculture that increasing species richness from one to two or three species may promote productivity, but that these effects are usually relatively weak (see Trenbath 1974 , Vandermeer 1990 , Joliffe 1997 , Wardle et al. 2000 . Increased productivity should in turn lead to increased resource utilisation, and reduced availability of resources for invaders, thus adversely affecting invader success. However, if diversity effects on productivity are weak and saturate at very low levels of species richness, it may be that effects of species richness on invader success are too small to be detectable in most experiments against the normal background of within-treatment variability. Further, there are also plausible reasons as to why plant species richness may promote invaders, notably through mechanisms involving facilitation (Palmer and Maurer 1997, Levine and D'Antonio 1999) . In an experiment in which agricultural crop plants were grown in mixtures of between one and eight species (with all species represented in replicated monoculture plots), plant diversity actually promoted the diversity of invaders (weeds) recruited into the community (Palmer and Maurer 1997) .
We would expect to find effects of plant functional group richness on invader success before we would find effects of species richness within functional groups, at least if functional groups are more different to each other than are species within groups. This is because functional groups should have a greater capacity than species within a given group for resource use complementarity and therefore competitiveness against invaders. This is consistent with evidence that the degree of difference between biological components of a community is a major determinant of the effects of the richness of these components on productivity (Nijs and Roy 2000) . However, of the two experiments which have investigated the effects of functional groups on invasibility, one (Prieur-Richard et al. 2000) found generally little effect. The other (Symstad 2000) found a functional group richness effect on invader success that could not be explained by sampling effect, but caution that disturbance associated with the implementation of experimental treatments could also explain the result. There is therefore little conclusive evidence that diversity at the functional group level reduces invader success.
Re-evaluation of experimental studies about how diversity affects invasibility also sheds new light on the apparent contradiction between the results of these studies (in which a negative diversity-invasibility relationship has been claimed) and observational studies (in which a positive relationship often exists). Knops et al. (1999) , Naeem et al. (2000) and Prieur-Richard et al. (2000) all claim that experiments in which diversity is varied as a treatment are more appropriate than observational studies for addressing the diversity-invasibility issue on the grounds that observational studies are confounded by variations in extrinsic variables while experimental studies are not. An alternative explanation for the apparent contradiction involves consideration of the hump-backed relationship that often exists Fig. 4 . Why diversity-invasibility relationships may differ between observational and experimental studies. (a) Results of observational studies may be determined by the hump-backed relationship (Grime 1973a, b) that exists between productivity and diversity. Invasibility should be positively correlated with diversity over the productivity range ''a'' because conditions are less adverse for invaders as productivity increases, and positively correlated with diversity over range ''b'' because the resident plant community exerts a greater competitive effect against invaders with increasing productivity. (b) Experimental studies show increasing diversity and more complete resource utilisation leading to reduced invasibility. This can be due to either greater resource use complementarity amongst resident species, or the greater probability of including the most competitive species (or combination of species) as diversity increases. Increased diversity can also theoretically promote invasibility through increased facilitation (not shown).
between biomass and productivity (Grime 1973a, b) . Although the mechanistic basis of this relationship has been debated (e.g., Abrams 1995 , Oksanen 1996 , Grime 1997 , Rapson et al. 1997 , Stevens and Carson 1999 , unimodal relationships between productivity and diversity are common in natural communities at local spatial scales (see synthesis by Waide et al. 1999) , and competitive exclusion must play at least some role in reducing diversity at high levels of productivity (see review by Grace 1998) .
In this light, as productivity is increased in a natural ecosystem, we should find that invasibility is maximised at intermediate productivity levels (see Fig. 4a ). Over the productivity range ''a'' of Fig. 4a , increasing availability of resources (principally nutrients) would result in increases in both invasibility and diversity, leading to a positive correlation between the two. Over the productivity range ''b'' of Fig. 4a , increased resource (principally nutrient) availability would result in reduced invasibility because a greater proportion of available resources would be used by the plant community, reducing the availability of resources for potential invaders, and again leading to a positive relationship between invasibility and diversity. Over range ''b'', light availability beneath the vegetated cover should decrease as the plant community becomes more productive and standing biomass is greater, resulting in reduced opportunities for invaders to establish. In this light, Huston and DeAngelis (1994) showed using a simulation study that invaders were likely to be less successful in situations of high nutrient availability (and thus lower light availability) than in less productive communities. The expectation is therefore that across ranges ''a'' and ''b'' invasability would be maximised by conditions that also maximised community diversity. Meanwhile, with experimental studies, increasing diversity results in increasing resource utilisation, which also results in increased competitiveness of the community against invaders (Fig. 4b) , probably in part due to reduced light availability. It is relevant in this context that those plant species which are used as model invaders in most recent experiments are short-lived herbaceous weedy species that are very intolerant of shading. However, the greater competitiveness against invaders of experimental communities with greater diversity may be expected to arise through ''sampling effect'' in which the most competitive species or combination of species in the whole species pool has an increased probability of occurring in the treatments sown with the most species (Fig. 4b) .
This suggests that there is in fact no discrepancy between observational and most experimental studies with regard to diversity-invasibility relationships. Firstly, observational studies showing positive relationships arise because the factors that promote maximal diversity in the plant community are also those in which there is the greatest amount of unused resources available for invasive species to utilise (cf. Huston 1994 ). An increase of total resources, and hence total productivity beyond that level, results in conditions that involve both competitive exclusion of subordinate species in the plant community (and hence reduced diversity) and competitive reduction or exclusion of invaders. This may result in a large part from increased shading as standing plant biomass increases. Secondly, recent experimental studies showing negative diversityinvasibility relationships may in fact be driven by ''sampling effect'' in which there is an increased probability of including the competitive dominants in the species mix when more species are selected from the total species pool. Therefore, both observational and experimental studies point to the frequent role of competitive dominants in reducing invasibility, and in both situations species richness need not be invoked as having a role in explaining the results. However, several experiments performed to date have not been designed in such a way as to adequately separate the role of sampling effect from that of resource use complementarity in reducing invasibility, but even if the latter mechanism is occurring, it is probably of low importance in determining invasibility in natural plant communities relative to other mechanisms that determine the susceptibility of communities to invasion (see Levine 2000) .
